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NOTICE

This report was prepared as an account of work sponsored by the United States
Government. Neither the United States Government nor Underwriters Laboratories Inc.
nor any of their employees nor their contractors, subcontractors, or their employees
makes any warrantee expressed or implied, or assumes any legal liability or
responsibility for damages arising out of or in connection with the interpretation,
application, or use of or ability to use any information, apparatus, product, or process
disclosed, or represents that its use would not infringe on privately owned rights. This
report may not be used in any way to infer or to indicate UL's endorsement of any
product, or to infer or to indicate acceptability for Listing, Classification, Recognition,
or Certificate Service by Underwriters Laboratories Inc. of any product or system.
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EXECUTIVE SUMMARY

Ih PSC Home Electrical Fires Proj

This project was sponsored oy the U.S. Consumer Product Safety Commission (CPSC)
as part of the Home Electrical System Fires Project, a priority project for the CPSC in
FY94 and FY95. The overall objective of the Home Electrical System Fires Project is
to reduce the rates of death, injury and property loss from residential fires associated
with electrical wiring systems. The major elements of the Home Electrical Systems
Fires Project are to 1) promote electrical inspections of older dwellings to identify
flagrant hazards that need cosrection, 2) stimulate the repair and correction of known
hazards, and 3) demonstrate effective, economical electrical products that can upgrade
the safety of electrical wiring systems in residences. The objective of these activities
is to permit the continued occupancy of these dwelilings without electrical symptoms
that can cause fires.

The CPSC estimates that there were approximately 41,000 fires involving home
electrical wiring systems in 1992. These fires resulted in 320 deaths, 1,600 injuries,
and $511 million in property losses. CPSC studies have also shown that the frequency
of wiring system fires is disproportionately high in homes more than 40 years old.

The purpose of the project reported here was to conduct an in-depth study of
technologies to detect and monitor precursory conditions that could lead to or directly
cause fires in residential wiring systems in general, and how these technologies could
be applied to older residential wiring systems in particular. The project included 1)
conducting a comprehensive review of published and unpublished literature on devices
and systems that could decrease the likelihood of residential fires, 2} a survey of
industry organizations and manufacturers for new products and systems that could
decrease the likelihood of residential fires, and 3) the acquisition and analysis of
promising devices and systems for ease of installation, reliability, cost and
effectiveness in decreasing the likelihood of fires in residential wiring systems,
particularly older residential wiring systems.

iter earch to ldentify Techno!

An extensive review of patents and of published and unpublished literature was
conducted to acquire relevant information on technology for detecting or monitoring
when conditions exist that could cause fires in residential electrical wiring systems.
The review focused on innovative new technology or innovative uses for exlstmg
technology that is currently available or under development.
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The search for published information included the use of a computer-aided information
retrieval service through the New England Research Applications Center (NERAC)
which has access to extensive data base resources. Numerous documents were
surveyed, and seven articles and sixteen patents describing relevant information and
promising technology were acquired. The major types of new technologies, or new
applications of existing technologies, that were identified fall into the following five
general categories:

1. Arc-Fault Detection Technology - This technology is intended to
respond to arcing faults in the electrical wiring system by looking for
specific signature characteristics of the current, voltage, or
electromagnetic fields associated with arcing faults.

2. Modified-Trip Circuit-Breaker Technology - This technology is intended
to modify the trip characteristics of conventional residential circuit
breakers. Essentially, the technology causes a circuit breaker to trip
magnetically (with or without an intentional delay) at levels of overcurrent
that would normally result in the circuit breaker tripping thermally. The
result is faster response time at levels of overcurrent that would typically
correspond to the thermal trip region of a conventional circuit breaker.

3. nd-Faul rrupting Techno! - This present technology is
intended to respond to a ground-fault condition to reduce the risk of

electric shock in the residential distribution system. The new application
of this technology is to reduce the risk of fire in the residential
distribution system. '

4. Supplementary Protection Technology - This technology consists of
the innovative application of conventional supplemental overcurrent
and/or thermal protection technology incorporated at the outlet receptacle
or attachment plug in order to respond to specific conditions of
temperature or current.

5. Surge-Protection Technology - This existing technology is intended to
limit the magnitude of transient overvoltages in the electrical distribution
system. Consideration is given to the fact that repeated exposure to
transient Qvervoltages can cause damage to electrical insulation.

r mplifyi h hnologies_|dentifi
An announcement letter seeking participation in this project was sent to approximately
800 individuals and manufacturers involved in product categories that were pre-

identified as possibly having new or innovative electrical system protection technology.
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As a result, eleven products were procured in order to evaluate the technologies that
they were intended to exemplify.

Findings

The following summarizes the individual and collective findings pertaining to the
technologies evaluated.

Arc-Fault Detection Technology - Arc-fault detection {AFD) technology, as exemplified
by the involved products, demonstrated a capability of detecting and terminating
certain types and levels of arcing fault current (but not all types and levels) that are
beyond the present scope of conventional branch-circuit overcurrent protection
technology. Consequently, it was found that arc-fault detection technology does
indicate promise as a potential means for further reducing the incidence of fires in the
electrical wiring system, that are either directly or indirectly caused by arcing faults.

There was a variety of performance of AFD products to the range of testing conducted
under this project. Although each of the products both reacted to open the circuit and
to apparently prevent ignition of the test indicator in a significant number of cases,
none of the products responded in all of the cases tested. In order to fulfill the
potential of AFD technalogy, further development is needed in order to detect and
respond to a wider variety of arcing fault conditions. Additional research is needed to
obtain a more definitive understanding of the specific type or types of arcing
conditions that can directly or indirectly result in fires in the residential wiring system
so that AFD technology can be further developed to address those conditions.

Since AFD technology exemplified by the involved products is still developing, the
evaluation of this technology with respect to unwanted tripping and operation
inhibition was limited to a few tests. Some unwanted tripping and operation inhibition
was observed. However, additional work is needed particularly with respect to
unwanted tripping and operation inhibition at normal load current levels. For example,
it appears that EMI filters may inhibit the operation of some AFDs.

Modified-Trip Cirguit-Breaker Technology - Modified-trip circuit-breaker technology as
exemplified by the involved products, indicated a capability to cause a conventional
circuit breaker to trip magnetically at levels of overcurrent that typically correspond to
the thermal trip region of conventional circuit breakers. However, since these
approaches to protection are still based on the magnitude and duration of power
frequency overcurrent, the challenge of balancing effectiveness, such as reduction in
the probability of electrically caused ignition, especially ignition from arcing fauits, and
the desire to avoid unwanted tripping {and its consequences) over a wide range of
inrush currents associated with the normal start up of loads, remains.
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In addition, faults involving currents below circuit breaker handle rating remain outside
the scope of protection for products analyzed under this category.

Ground-Fault Interrupting Technology - Although ground-fault protection technology,
specifically that used in GFCI's (U.S. Ground-Fault Circuit Interrupters) and RCD's
{European Residual Current Detectors), are used to provide protection to personnel
from electric shock, the low trip current level (nominal 5 mA for GFCI's and 30 mA for
RCD's), combined with the fast operating time (within a couple of cycles) makes
ground fault protection technology appear to be well suited to reduce the incidence of
electrically caused fires. Since the devices only detect currents to ground, the concerns
for unwanted tripping are limited to leakage current to ground and not load currents.
The limited tests conducted under this project on ground-fault interrupting devices
indicate that ground-fault detection technology has the capability to quickly detect and
respond to the current arising from a ground fault (including an arcing fault) prior to
igniting a fire indicator. A ground-fault interrupting device can only detect and respond
to a fault that involves current to ground. It will not detect across-the-line or in-line
series arcing faults unless such faults also involve current to ground. In those cases
where the ground-fault current is a by-product of an across-the-line or in-line series
arcing fauit, operation of the ground-fault function may or may not preclude ignition.

Supplementary Protection Technology - The supplementary protection technologies
exemplified by the involved products are intended to detect an overtemperature and/or

overcurrent condition, or the effects of an overtemperature and/or overcurrent
condition arising from the connection of a load(s) to a specific outlet receptacle. The
technologies, as exemplified by the devices analyzed, demonstrated a capability of
detecting and/or responding to certain types of abnormal conditions involving
overtemperature and/or overcurrent and showing that supplementary protection
technology can contribute to a reduction in the likelihood of an electrically caused fire.
In contrast to the other technologies evaluated in this project which were packaged
or could be packaged so as to be permanently installed and continuously monitor
conditions on a complete branch circuit or group of branch circuits, the zone of
- protection provided by supplemental protection technology is very limited and
dedicated to specific applications.

When packaged as plug-in devices, reliance is placed on the user to plug the device
into a receptacle and to keep it plugged into the receptacle. Also, the load current that
can be obtained through these devices may be less than the normal load current that
can be supplied by the outlet receptacle. On the other hand, a protection-oriented
homeowner can choose a supplementary protective device that matches the particular
load without the risk of circuit interruption affecting other electrical loads.

Surge-Protection Technology- All of the previously indicated technologies are intended
to mitigate the consequences of a failure or fauit in the electrical distribution system.
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Another approach is to reduce the likelihood of the fault occurring. Surge-protection
technology, by limiting the exposure of the wiring system to transient overvoltages
(e.g., from a lightning event or utility switching event), can reduce the likelihood of
failure of electrical insulation from occurring. Repeated exposure to high voltages can
degrade electrical insulation and ultimately result in an insulation fault. To the extent
that a surge-protective device can limit the additional exposure of the electrical
distribution system to transient overvoltages, it can help reduce the incidents of
electrically caused fires. The overall significance of the reduction depends, however,
on the significance of transient overvoltage caused insulation failure relative to other
insulation failure modes.

Recommendations

It was determined that no single product or technology in the examined state of
development would provide protection against all electrical ignition scenarios likely to
be encountered in residential wiring systems. However, the present evaluation of the
technologies that the involved products exemplified indicated that the potential exists
to further combine certain technologies, once fully developed, into products that
should significantly reduce the risk of fire beyond the scope of present conventlonal
overcurrent protection technology.

From the technologies analyzed, arc-fault detection appeared to be very promising,
especially when added to residential branch-circuit breakers and combined with other
proven technologies such as ground-fault protection. It is recommended that additional
research be considered to better define the nature of residential electrical ignition
sources, the [evels of arc-fault protection needed, and standardized test methods to
verify the effectiveness of practical products that would utilize this technology.
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I. INTRODUCTION

The Consumer Product Safety Commission (CPSC) estimates that in the year 1992
there were about 41,000 fires involving home electrical distribution systems. These
fires resulted in 320 deaths, 1,600 injuries, and $511 million in property loss. A study
conducted by CPSC in 1987 indicated that the frequency of fires in the electrical
system was disproportionately high in homes more than 40 years old.

Approximately one-third of the existing housing in the U.S. in 1987 was built prior to
1950. The residential electrical distribution systems in many older homes that had
experienced fire had neither been inspected nor renovated since they were built. For
the purposes of this report, the residential electrical distribution system includes the
wiring from the point of connection to the electrical utility to the receptacles including
circuit extensions such as extension cords. Many older homes were originally wired
with an electrical service rated 60 A or less. Some of the very old installations were
wired with service rated 30 A, and had only 120 V. Today, new homes are commonly
provided with 120/240 V or 120/208 V systems rated 100, 150, or 200 A to meet
the demand for safely distributing electrical power.

The disproportionately high incidence of fire in the electrical systems of older homes
can usually be attributed to one or more of the following factors:

Inadequate and overburdened electrical systems

Thermally reinsulated walls and ceilings burying wiring
Defeated or compromised overcurrent protection

Misuse of extension cords and makeshift circuit extensions
Worn-out wiring devices not being replaced

Poorly done electrical repairs

Socioeconomic considerations resulting in unsafe installations

While some of these factors do not cause fires by themselves, combinations of these
factors increase the likelihood of a potentially unsafe situation being exacerbated.
Eventually, these factors can lead to electrical overheating and/or arcing faufts that
cause fires.

The objective of this project was to conduct an in-depth study of technologies to
detect and monitor precursory conditions that could lead to fires in residential electrical
wiring systems. The study involved an assessment of products and technology that

'D. McCoskrie, L. Smith. "What Causes Wiring fires in Residences”. Fire Journal, Jan-Feb
1980.

Introduction -1- » September 1995



could be applied to existing residences to decrease the likelihood of fires. The
technologies sought are conceived as supplementary devices to the existing wiring
materials and electrical distribution system apparatus.
This report is organized in the following sequence.
1. A Literature Search was conducted of published and unpublished information
relative to the products and technology for reducing the risk of an electrically
initiated residential fire.

2. A Description of Products and Technology that were obtained and analyzed
in this report is given.

3. A Basis for Selection of Tests discusses the mechanisms that could lead to
fires in the residential wiring system of homes.

4. The details of the Test Description and Data is given.
5. The Test Observations are discussed.

6. An Assessment of Products and Technologies together with conceptual
protection schemes by combining technologies is given.

7. Possible Applications of Technologies that were evaluated in this report
are discussed in detail.

8. A Summary of Findings is provided.

9. Recommendations are made to help further the objectives, initiatives, and
findings of this project.

10. A Glossary is included at the end of this report that defines some of

the terminology used. The definition of italicized words in the report can be
found in the glossary.
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ll. LITERATURE SEARCH

Published Information

The first phase of this project involved a review of published literature to acquire
relevant information regarding technology for indicating when conditions exist that
could cause fires in residential electrical wiring systems. The review focused on
documents written within the past five years, however, some information collected
predates this five-year period. The information obtained includes technology that is
currently available and that which is presently being developed. The information is
organized as Part A - Patents and Part B - Articles. Each reference includes an
abstract or a summary.

Relevant literature including patents and articles was obtained via 1) the contractor's
knowledge of existing literature, and 2) a private information retrieval service, the New
England Research Applications Center (NERAC) of Tolland, CT. Through NERAC
extensive worldwide database resources drawn from U.S. government agencies,
professional associations, research and academic societies, and suppliers worldwide
were searched for relevant literature in the U.S., Europe, Canada, Japan, and Israel.
Databases accessed for patents and information included the U.S. Patent Gazette, Ei
Compendex *Plus, Firedoc, Inspec, National Technical Information Service, and the Fire
- Technology Abstracts.

Seven articles and 16 patents describing relevant information and promising
technologies were acquired. The articles were secured from the publications; Fire
Journal, Electrical Contractor, Electrical Times, IEEE Transactions; and from the U.S.
Department of Energy Sandia National Laboratories. An unpublished work from RB
Laboratories was procured. Of the 16 patents, 11 are assigned to U.S.-based
corporations, one is assigned to a French-based corporation, one is assigned to the
U.S. government, and three patents have no assignee.,

The search strategy involved probing the data bases with key words and phrases
associated with new and innovative technology for reducing residential electrical fires.
As the search progressed, the key word and phrases were refined to pinpoint "hits"
on the data bases. Some key words and phrases used included: arc detection and
detectors, interruption, suppression, fault protection and protectors, arc fault
detection, residential electrical fires, detection and monitoring of, protection, fires -
wiring systems, overheating of conductors, electrical fire prevention, safety, incident
of fires, cause of residential fires, and residential electrical fire prevention. The search
located 74 citations and 46 patents. These "soft hits" were reviewed and of these
seven articles and 16 patents that were considered to be of significant interest were
acquired.
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Literature Procur
General: The abstracts given below were taken from the associated patent.
Part A - Patents

1. United States Patent. Patent Number 5,280,404, Date of Patent: Jan. 8, 1994
ARC DETECTION SYSTEM
Inventor: Charles W. Ragsdale
Assignee: Bio-Rad Laboratories, Inc., Hercules, Calif.

Abstract

An arc detector for detecting electrical arcs across a break in a line carrying a current
in an electrical system. Normally, the line carries current, but when the line is broken,
current doesn't flow until an arc occurs across the break. The arc detector detects the

break using a current sensor for measuring the current, a filter for filtering out
unwanted frequencies, an amplifier for amplifying the remaining frequencies into a
substantially square wave, a counter for counting square wave transitions, and a latch
to hold a detection signal at an output node when the counter counts a preset number
of square wave transitions without being reset by a reset switch or a periodic
oscillator.

2. United States Patent. Patent Number 5,223,795. Date of Patent: Jun. 29, 1993
METHOD AND APPARATUS FOR DETECTING ARCING IN ELECTRICAL
CONN IONS BY TORING HIG YN
Inventor: Frederick K. Blades

Abstract

An arc detector for detecting potentially hazardous arcing in electrical connections
comprises detection and signal processing circuitry for monitoring high-frequency noise
on the power line characteristic of arcing and distinguishable from other sources of
high-frequency noise. If high-frequency noise is present and a gap occurs every
half-cycle of the power frequency, arcing is determined to be present, and an alarm is
given.

3. United States Patent. Patent Number 5,208,542. Date of Patent: May 4, 1993
IMING W W AR ETECTION
Inventors: Charles J. Tennies, Bruce C. Beihoff, James E. Hansen
Assignee: Eaton Corp., Cleveland, OH
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Abstract

An arc detection method and apparatus is provided for an electric circuit having an
electrified conductor connecting a voltage source to a load. The arc detector includes
a field sensor sensing an electromagnetic field established about the conductor by the
occurrence of an electric arc in the circuit, and generating a field responsive signal in
response thereto. Arc discrimination circuitry responds to the field sensor and
generates a tentative arc signal in response to a given characteristic of the field
response signal. Arc timing window circuitry responds to the arc discrimination
circuitry and generates a confirmed arc signal in response to a given timing
characteristic of the tentative arc signal.

4. United States Patent. Patent Number 5,206,595. Date of Patent: Apr.
27,1993 - ‘ '
ADVANCED CABLE FAULT LOCATION
Inventors: Carl M. Wiggins, Frank S. Nickel, David E. Thomas, Stephen J. Halko,
Thomas M. Salas, Gary H. Shapiro.

Assignee: Electric Power Research Institute, Palo Alto, Calif.

Abstract

A simple and inexpensive device which is suited for real-time location of a fauit
occurring anywhere in a residential distribution system by analysis of the propagating
fault signal considering the predetermined propagating velocity of the cable.

5. United States Patent. Patent Number 5,206,596. Date of Patent: Apr. 27,
1993
ARC DETECTOR TRANSDUCER USING AN E AND B FIELD SENSOR
Inventors: Bruce C. Beihoff, Charles J. Tennies, Jerome K. Hastings
Assignee: Eaton Corporation, Cleveland, Ohio

Abstract

An arc detector antenna transducer for an electric circuit has an electrified conductor
connecting a voltage source to a load. The arc detector transducer includes an E field
sensor sensing the E field established about the conductor by the occurrence of an
electrical arc in the circuit, and a B field sensor sensing the B field established about
the conductor by the occurrence of the electrical arc in the circuit.
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6. United States Patent. Patent Number 5,185,686. Date of Patent: Feb. 9, 1993
DIRECTION SENSING ARC DETECTION
nventors: James E. Hansen, Bruce C. Beihoff, Charles J. Tennies, Francis S.,
Richards, Jr.
Assignee: Eaton Corporation, Cleveland, Chio

Abstract

An arc detection method and apparatus is provided for an electric circuit having an
electrified conductor connecting a voltage source to a load, the conductor having a line
side extending from the arc detector to the voltage source, and a load side extending
from the arc detector to the load. The arc detector includes a fieid sensor sensing the
electromagnetic field established about the conductor by the occurrence of an
electrical arc in the circuit, and generating a field responsive signal in response thereto.
Direction sensing circuitry detects whether the arc is from the load side or the line
side, and generates a direction indicative signal.

7. United States Patent. Patent Number 5,185,684. Date of Patent: Feb. 9, 1993

FREQUENCY SE TV DETEC
Inventors: Bruce C. Beihoff, Charles J. Tennies, Francis S. Richards, Jr., Walter
K.O'Neil.

Assignee: Eaton Corporation, Cleveland, Ohio
Abstract

An arc detection method and apparatus is provided for an electric circuit having an
electrified conductor connecting a voltage source to a load. A field sensor senses an
electromagnetic field established about the conductor by the occurrence of an
electrical arc in the circuit, and generates a field responsive signal. Arc discrimination
circuitry includes frequency responsive circuitry responding to the field sensor and
generating an arc indicative signal in response to a given frequency characteristic of
the field responsive signal. The frequency responsive circuitry monitors a plurality of
different frequencies of the field responsive signal, and generates the arc indicative
signal in response to a given combination of field responsive signal frequencies. A
comb filter passes the field responsive signal through a plurality of passbands, and the
arc indicative signal is generated in response to a given frequency signature of the field
responsive signal.
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8. United States Patent. Patent Number 5,185,685. Date of Patent: Feb. 9, 1993
FIELD SENSING ARC DETECTION
inventors: Charles J. Tennies, Bruce C. Beihoff, Jerome K. Hastings, Robert J.
Clarey, Walter K. O’Neil.
Assignee: Eaton Corporation, Cleveland, Ohio

Abstract

An arc detection method and apparatus is provided for an electric circuit having an
electrified conductor connecting a voltage source to a load. The system senses the
electromagnetic field established about the conductor by the occurrence of an
electrical arc in the electric circuit, and generates a field responsive signal. Arc
discrimination circuitry responding to the field responsive signal and generates an arc
indicative signal in response to a given characteristic of the field responsive signal. The
system includes an E field sensor and a B field sensor.

9. United States Patent. Patent Number 5,185,687. Date of Patent: Feb. 9, 1993
CHAOS SENSING ARC DETECTION
lnventors: Bruce C. Beihoff, Charles J. Tennies, Francis S. Richards, Jr., Walter
K. O'Neil.
Assignee: Eaton Corporation, Cleveland, Ohio

Abstract

An arc detection method and apparatus is provided for an electric circuit having an

electrified conductor connecting a voltage source to a load. The arc detector includes

a field sensor sensing an electromagnetic field established about the conductor by the

oceurrence of an electrical arc in the electric circuit, and generating a field responsive

signal in response thereto. Arc discrimination circuitry responds to the field sensor and

generates an arc indicative signal in response to a random chaotic pattern of the field
responsive signal.

10. United States Patent. Patent Number 5,142,646. Date of Patent:Aug.25, 1992
GROUND FAULT ELECTRICAL PANEL
{nventor: Carl Nachtigall

Abstract

A circuit-breaker panel system supplies power to plural circuits that are ground fault
protected and plural circuits that are not ground fault protected. The panel system has
two sections. One section, which is not ground fault protected, contains a ground fault
circuit-breaker that supplies power to the second section, so that the entire second
section is ground fauit protected.
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11. United States Patent. Patent Number 5,047,724. Date of Patent: Sept. 10, 1991
POWER CABLE ARCING FAULT DETECTION SYSTEM
Inventors: Jeffrey Boksiner, Michael Parente
Assignee: Bell Communications Research of N.J.

Abstract

A system for detecting an arcing fault in a telephone central office DC power
distribution conductor repeatedly measures the current flow in the distribution line, as
with an inductive coupling, and derives a Fourier transform analysis spectrum from
such measurements. The power values at intervals across the frequency spectrum are
compared with recorded threshold temperatures values encompassing the spectrum
typical of an arcing event and an alarm condition is established when such threshold
levels are exceeded.

12. United States Patent. Patent Number 4,931,894. Date of Patent: June 5, 1930
GROUND FAULT CURRENT INTERRUPTER CIRCUIT WITH ARCING PROTECTION
Inventor: Raymond Legatti
Assignee: Technology Research Corporation

Abstract

A ground fault current interrupter (GFCI) circuit is provided with the additional capacity
of detecting and protecting against arcing between a power line and the metal sheath
or cover of a power cable. An arc protection winding is located on the core of the
GFCI differential transformer and is connected in series with a resistance between the
metal sheath and a neutral or return line. By adjusting the number of turns of the arc
protection winding and the size of the series resistance, the sensitivity of the arc
protection arrangement to arcing current may be set at a desired level.

13. United States Patent. Patent Number 4,903,162. Date of Patent: Feb. 20, 1990
FIRE-PREVENTION ELECTRICAL WIRING DEVICE
inventor: Robert L. Kopelman

Abstract

In a preferred embodiment, a receptacle having muitiple electrical outlets includes in
the main electrical inlet in electrical series with each of the electrical outlets, a
heat-sensitive circuit-breaking element characterized as breaking of electrical circuit
passed therethrough when the flow of current exceeds a predetermined amperage, as
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responsive to increased heat of resistance or other surrounding environmental heat,
and as reestablishing circuitry when temperature has cooled down to at least a
circuit-breaking temperature, there being preferably included in circuit with the
circuit-breaking element a conventional electrical time delay element characterized by
delaying reestablishing circuitry therethrough whenever circuitry has been broken, with
a time delay of sufficient length to permit a cooling of circuitry to a point below
circuit-breaking temperature of the circuit breaking element, to prevent fire hazard from
overheated old and/or inadequate house-wiring or insulation thereof.

14. United States Patent. Patent Number 4,878,144, Date of Patent: Oct. 31, 1989
SOLID-STATE TRIP DEVICE OF A MOLDED CASE CIRCUIT-BREAKER
Inventor: Jean-Pierre Nebon
Assignee: Merlin Gerin, France

Abstract

A solid-state trip device including an instantaneous trip device formed by arc detectors
located in proximity to the main contacts of the circuit-breaker. The light signals
emitted by the arc-detectors are transmitted by optical fibers to a light sensitive
electronic component which emits an arcing signal. This arcing signal causes tripping
of the circuit-breaker only if a fault signal is present.

15. United States Patent. Patent Number 4,658,322. Date of Patent: Apr. 14, 1987
ARCING FAULT DE T
Inventor: Neftali Rivera _
Assignee: The United States of America as represented by the Secretary of the
Navy, Washington, D.C.

Abstract

An arcing fault detector used the thermodynamic conditions created by an arcing fault
- within a vented electrical equipment enclosure to quickly activate a protective device
which causes tripping of the supply circuit breaker(s)., A plurality of temperature
sensors are located within the enclosure near the top, and a differential pressure
sensor is located in the external wall of the enclosure approximately midway between
the vents to compare internal and external pressure. The intelligence from the sensors
is processed by a fault protector which controls the tripping of the circuit-breaker(s).

16. United States Patent. Patent Number 4,639,817. Date of Patent: Jan. 27,1987
PROTECTIVE RELAY CIRCUIT FOR DETECTING ARCING FAULTS ON
OW-VOLT POT NETWOR
Inventors: John H. Cooper, William H. South.
Assignee: Westinghouse Electric Corp., Pittsburgh, Pa.
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Abstract

A protective relay for detecting power arcing faults on a low-voltage spot network.
The protective relay can monitor the voltage difference between each phase
conductor, the voltage difference between each phase conductor and the neutral
conductor, or the current on each phase conductor. Using one of these three sets of
values, the protective relay first filters the input signal so that only frequencies
indicative of a power arcing fault on the low-voitage spot network are analyzed. The
signals passed by the filter are amplified, rectified, and averaged and the peak of each
signal detected. [f the peak has a duration longer than a predetermined value, a fault
indication is provided.

Part B - Articles
General: The summaries below were developed from parts of the articles.
1. The Real Cause of Electrical Fires. R. Blades. RB Laboratories, Jan 1993.
Summary

"Arcing" refers to electrical discharges across an air gap. It brings to mind short
circuits producing visible, short-lived and violent "sparking”. According to national fire
studies, these explosive events are, in fact, relatively rare as a cause of fires. Electrical
fires are more commonly attributed to such things as "circuit overloading”, "insulation
failure”, "overheating”, and the like. The purpose of this study is to show that while
all these conditions may contribute to the generation of an electrical fire, the resulting
phenomena that actually ignites flammable materials in electrical fires is a form of
microscopic arcing referred to herein as Contact Arcing. The mechanisms of common
“electrical failures are discussed to explain why this form of arcing is invariably present
seconds, minutes, days, weeks or even months in advance of most electrical fires.
A second purpose of this paper is to estimate how many fires in the United States
~ could be prevented nationwide through the widespread use of CA (Contact-Arcing)
responsive circuit-breakers. '

2. What Causes Wiring Fires in: Residences?. L.E. Smith, D. McCoskrie. Fire
Journal, Jan/Feb 1990.

Summary

Available data indicate that fires in electrical distribution systems contribute sig-
nificantly to the fire problem in the United States, accounting for a consistent portion
of that problem year after year. These fires are difficult to evaluate adequately, not
only because of the complexity of electrical systems but also because of the difficulty
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in identifying pertinent details once a destructive fire has occurred. Few fire
departments have the time available to devote to such investigations.

The investigations included in this study are not a statistically valid sample. Therefore,
the possibility for bias in selection must be considered. Even so, it seems reasonable
1o assume that the causes identified depict some major part of the residential electrical
distribution system fire problem, even if it does not depict the whole problem.

There are a number of ways in which the fire protection community can work to
prevent electrical fires. Some of these possibilities include developing a rehabilitation
guide for the electrical system. This would help consumers decide when they need
improvements and would provi